Abstract-Chronic pain and post-traumatic stress disorder (PTSD) are frequently observed within the Department of Veterans Affairs healthcare system and are often associated with a significant level of affective distress and physical disability. Clinical practice and research suggest that these two conditions co-occur at a high rate and may interact in such a way as to negatively impact the course of either disorder; however, relatively little research has been conducted in this area. This review summarizes the current literature pertaining to the prevalence and development of chronic pain and PTSD. Research describing the comorbidity of both conditions is reviewed, and several theoretical models are presented to explain the mechanisms by which these two disorders may be maintained. Future directions for research and clinical implications are discussed.
INTRODUCTION
Over the past 25 years, the development of a greater understanding of the functional, psychological, and social problems commonly associated with chronic pain has gradually evolved. As a result, substantial literature currently exists documenting the relationship between chronic pain and disorders such as substance abuse [1] , depression [2] , and anxiety disorders [3, 4] , and researchers and clinicians acknowledge that these conditions, as well as others, can play a role in the experience of chronic pain. Importantly, interest in the relationship between chronic pain and its comorbid conditions has had a significant impact on the field of pain research and has contributed to improvements in the delivery of treatment.
While some chronic pain conditions may have an organic etiology and develop gradually over time, other conditions may develop because of an injury sustained in a traumatic event such as a motor vehicle accident (MVA), work-related injury, or participation in military combat. Most recently, there has been burgeoning interest in the relationship between pain and post-traumatic stress disorder (PTSD). Clinical practice and research indicate that the two disorders frequently co-occur and may interact in such a way as to negatively impact the course and outcome of treatment of either disorder. Despite this recent interest, a review of the relevant literature indicates that neither empirical studies investigating theoretical models to explain the comorbidity of the two disorders nor well-controlled studies investigating the efficacy of tailoring treatments for individuals for which pain and PTSD co-occur have been done. The lack of controlled research in this area is unfortunate because such studies could significantly advance theory development and improve treatment efficacy.
This paper primarily provides a critical review and synthesis of the existing literature investigating the relationship between chronic pain and PTSD. The paper will begin with a presentation of the diagnostic criteria, prevalence, and theoretical models of chronic pain and PTSD. Research will then be presented that describes the cooccurrence of the two disorders, and several models will be highlighted that may explain the similar mechanisms by which these two disorders may be maintained. Finally, the paper will close with a call for continued research and refinements of the proposed models.
DISCUSSION

Chronic Pain
Pain is defined as an unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms of such damage [5] . Although pain is typically a transient experience, for some people, pain persists past the point where it is considered adaptive and contributes to affective distress, to impaired occupational and social functioning, and to increased use of healthcare system resources [6] [7] [8] . Pain that persists for 6 months or longer is typically referred to as "chronic" pain [5] . Chronic pain is the most common complaint made by patients to their primary care providers and accounts for an estimated $75 to $100 billion a year in the United States in lost productivity and healthcare costs [9] .
Vlaeyen and Linton propose a cognitive-behavioral fear-avoidance model of chronic pain to explain the role of fear and avoidance behaviors in the development and maintenance of chronic pain and related functional limitations [10] . According to this model, the experience of pain may be interpreted by some patients as overly threatening, a process called "catastrophizing." Research consistently indicates that catastrophizing is a significant predictor of negative outcomes for patients with pain [11] . Vlaeyen and Linton propose that catastrophizing contributes to a fear of pain and may lead to a variety of events [10] , including avoidance of activities that may elicit pain, guarding behaviors, and hypervigilance to bodily sensations. Such avoidance may also contribute to disability and depressive symptoms. As an individual becomes more depressed and inactive, the cycle of pain is fueled even further, and fear and avoidance are further increased. However, in the absence of serious somatic pathology, individuals who confront the pain rather than catastrophize are more likely to have quicker recoveries because of their greater participation in daily activities [12] .
Post-Traumatic Stress Disorder
A person typically develops PTSD following an exposure to a situation or event that is, or is perceived to be, threatening to his or her well being or to that of another person. High levels of anxiety, depression, panic, and substance abuse are frequently observed in individuals with PTSD [13] . Its distinctive profile of symptoms includes (1) reexperiencing the event in the form of intrusive thoughts, nightmares, dissociative flashbacks to elements of the original traumatic event, and psychophysiological reactivity to cues of the traumatic event and preoccupation with that event; (2) avoidance of thoughts, people, and places that resemble the traumatic event, emotional numbing, an absence of emotional attachments, and an inability to feel the range of positive emotions; and (3) symptoms of hyperarousal, including heightened startle sensitivity, sleep problems, attentional difficulties, hypervigilance, and the presence of irritability, anger, or rage [14] .
In the United States, the prevalence of PTSD is estimated to be 6 percent in males and 12 percent in females [15] . However, exposure to traumatic events has been estimated to be as high as 70 percent of the adult population [16, 17] . These numbers suggest that trauma and PTSD are among the most frequent psychological disorders, ranking behind substance abuse and depression. In the most comprehensive study of the effects of war on its combatants, the National Vietnam Veterans Readjustment Study found a lifetime rate of PTSD of 30 percent and a current rate of 15 percent [18] . An international study of women estimated a lifetime rate of PTSD of 12 percent and a current rate of 5 percent [17] . While there are no reliable estimates of PTSD in developing countries, several authorities suggest that the rates may be higher because of the frequency of traumatic events and the absence of resources to buffer their effects [19] .
Not everyone who is exposed to a potentially traumatic event develops PTSD. The literature suggests that although the experience of a traumatic event certainly contributes to the development of PTSD, personal vulnerabilities also play an important role [20] . Other important factors may include prior exposure to traumatic events, age at the time of combat exposure, premilitary family instability, and postmilitary factors, including social support, additional life stressors, and personal hardiness [21, 22] . Thus, psychosocial factors and personal characteristics apparently may significantly influence the impact a traumatic event has on a person's life.
The current behavioral conceptualizations of PTSD are based on the two-factor learning theory developed by Mowrer [23] . The theory proposes that fear is learned via classical conditioning as the first stage of a process that can sustain emotional learning despite the influence of naturally occurring processes that would reduce it. The second stage is marked by avoidance behavior that minimizes the contact time with the conditioned cues, thus impairing extinction of the learned fear. Keane, Zimmering, and Caddell extended this model to humans and proposed that an extreme stressor, such as a traumatic event, acts as an unconditioned stimulus (UCS) that can create learned associations with internal and external cues (e.g., sights, sounds, or smells) that are present during the stressor [24] . After these conditioned associations are established, previously neutral cues can then elicit strong autonomic and physiological responses that are similar to those experienced at the time of the stressor. These responses may be so aversive that the individual begins to avoid the triggering cues as a way to decrease their own fearful reactions [25] .
Cognitive and information-processing models of PTSD have been developed from Lang's bio-informational theory of emotion [26] . According to Lang [26] , "fear networks" store memory representation of anxietyprovoking events and contain information about a feared stimulus or situation; the person's cognitive, psychophysiological, and behavioral response to the stimuli or situation; and information about the meaning of the feared stimuli. Anxiety disorders develop when the fear network contains faulty connections and information that do not truly represent the state of the world. Foa and Kozak have proposed that when compared to other anxiety disorders, the size of the fear network in PTSD is larger, the networks are more easily activated, and the affective and physiological response elements of the network are more intense [27] .
Comorbid Pain and PTSD
A number of studies have been conducted to assess the co-occurrence of PTSD and chronic pain symptoms.
For example, Benedikt and Kolb reported that 10 percent of a sample of 225 patients referred to a Veterans Administration pain clinic met criteria for PTSD [28] . Muse reported that 9.5 percent of a sample of patients attending a multidisciplinary chronic pain center met criteria for "post-traumatic pain syndrome" [29] . When patients are referred for the assessment of a chronic pain problem resulting from a traumatic event, the prevalence of PTSD increases. Asmundson, Norton, Allerdings, Norton, and Larson performed a study to assess the extent to which work-related injuries were associated with PTSD [30] . Assessments were conducted on 139 injured workers with chronic pain who were referred to a rehabilitation program. The results indicated that 34.7 percent of the sample reported symptoms consistent with PTSD. High rates of PTSD have been reported by Hickling and colleagues for patients referred for psychological treatment following an MVA [31, 32] . Research indicates that rates of PTSD in patients for which pain is secondary to an MVA range from 30 to 50 percent [31, 33, 34] . Studies suggest that from 24 to 47 percent of fibromyalgia patients attribute the onset of their symptoms to a physical injury associated with an MVA [35] [36] [37] . Hospitalized burn patients have been found to have high rates of PTSD (45%) at 12 months postinjury [38] . Geisser, Roth, Bachman, and Eckert examined the self-report of pain, affective distress, and disability in pain patients with and without PTSD symptoms [39] . Their results indicated that patients with accident-related pain and high PTSD symptoms reported higher levels of pain and affective distress relative to patients with accident-related pain and without PTSD, or nonaccident-related pain.
Studies examining the prevalence of chronic pain in individuals with a primary diagnosis of PTSD have reported even higher coprevalence rates. McFarlane, Atchison, Rafalowicz, and Papay reported that in a sample of PTSD patients reporting physical symptoms [40] , pain was the most common physical complaint (45% back pain and 34% headaches). Beckham et al. performed a study to investigate chronic pain patterns in Vietnam veterans with PTSD [41] . A sample of 129 combat veterans with PSTD completed self-report questionnaires assessing PTSD symptoms and current pain status. The results indicated that 80 percent reported the presence of a chronic pain condition. In addition, increased levels of PTSD reexperiencing symptoms were associated with increased pain level and pain-related disability. White and Faustman performed a review of discharge summaries of 543 veterans treated for PTSD to assess the frequency and nature of medical problems [42] . Their results indicated that 60 percent had an identified medical problem and that 1 in 4 showed some type of musculoskeletal or pain problem.
The co-occurrence of chronic pain and PTSD may have implications in terms of an individual's experience of both conditions. Research indicates that patients with chronic pain related to trauma or PTSD experience more intense pain and affective distress [39, 43] , higher levels of life interference [44] , and greater disability than pain patients without trauma or PTSD [37] . For example, Chibnall and Duckro examined a sample of chronic posttraumatic headache patients and found that PTSD pain patients had higher levels of depression and suppressed anger than non-PTSD pain patients [33] . Similarly, Tushima and Stoddard found that patients with post-traumatic headache reported more frequent pain and had a poorer prognosis than did nontraumatic headache patients [45] . Thus, these studies suggest that the presence of both PTSD and chronic pain can increase the symptom severity of either condition.
Chronic Pain and PTSD: Examination of Theoretical Models
The high rate of comorbidity and symptom overlap between chronic pain and PTSD suggests that the two disorders may be related in some way. Clearly, this review of studies establishing the co-occurrence between pain and PTSD does not explain the mechanisms by which they are linked. Although theoretical models have been proposed to account for the co-occurrence of pain and PTSD, these theoretical models have yet to be tested. However, these models present numerous factors that may be implicated in the etiology and maintenance of both conditions. For clarity of presentation, each model will be presented in turn.
Mutual Maintenance Model
According to Sharp and Harvey's mutual maintenance model [46] , there are seven specific factors by which mutual maintenance of chronic pain and PTSD may occur:
1. Attentional biases may be present in chronic pain and PTSD patients such that they attend to threatening or painful stimuli. 2. Anxiety sensitivity may contribute toward a vulnerability to catastrophize.
3. Pain may be a reminder of the traumatic event, triggering an arousal response, avoidance of the cause of pain, and any memories of the trauma.
4. In both disorders, avoidance may be adopted as a means to minimize pain and disturbing thoughts.
5. Fatigue and lethargy associated with depression may contribute to both disorders.
6. General anxiety may contribute to both disorders.
7. Cognitive demands from symptoms of pain and PTSD limit the use of adaptive coping strategies.
Although many of the factors described in this model have not been empirically investigated, they are useful in that they may stimulate further, more critical examinations of the comorbidity of chronic pain and PTSD and may provide several possible directions for future research. In a critique of Sharp and Harvey's mutual maintenance model [46] , Asmundson, Coons, Taylor, and Katz suggest that given the multidimensional nature of both pain and PTSD [47] , specific dimensions of the factors described likely may be involved while others may not. They also suggest that a distinction should be made between models of mutual maintenance and those that describe a shared vulnerability.
Shared Vulnerability Model
Asmundson et al. have proposed a shared vulnerability model of chronic pain and PTSD in which anxiety sensitivity is a predisposing factor contributing to the development of both conditions [47] . According to this model, a person with high levels of anxiety sensitivity is likely to become fearful in response to physical sensations such as heart pounding and breathlessness, thinking that these symptoms may signal impending doom. When people with high-anxiety sensitivity encounter either a traumatic stressor or pain (or both), they are believed to respond with more fear than those with low-anxiety sensitivity. Thus, the tendency to respond with fear to physical symptoms of anxiety is seen as a shared vulnerability contributing to the development of either disorder. In the case of PTSD, the degree of alarm caused by the stressor is combined with the alarm of physiological sensations to further exacerbate the emotional reaction, thereby increasing the risk of developing PTSD. In the case of chronic pain, anxiety sensitivity heightens fear and avoidance of activities that may induce pain, which further increase the chances that pain will be maintained over time.
Clinical pain research supports a relationship between anxiety sensitivity and pain. For example, Asmundson and Norton found that patients with higher anxiety sensitivity were more likely to experience greater anxiety and fear of pain, more negative affect, and greater avoidance of activities [48] . Asmundson and Taylor found that anxiety sensitivity directly increased fear of pain [49] ; however, anxiety sensitivity indirectly influenced avoidance and escape behaviors through fear of pain. More recently, Zvolensky, Eifert, Lejuez, Hopko, and Forsyth evaluated anxiety sensitivity, depression, and pain severity as potential predictors of pain-related fear in a heterogeneous chronic pain population [50] . Their findings indicated that anxiety sensitivity, as measured by the Anxiety Sensitivity Index (ASI), was a better predictor of fear and anxiety about pain than other relevant variables [51] . Additionally, in a study of the relationship between anxiety sensitivity and fear of pain in healthy adolescents, anxiety sensitivity was found to account for a unique proportion of the variance in pain anxiety symptoms, even after controlling for other potential predictors of fear of pain [52] . Finally, Greenberg and Burns examined pain-related anxiety in a group of chronic musculoskeletal pain patients who underwent an experimentally induced pain induction procedure (i.e., cold pressor) and had to complete mental arithmetic tasks [53] . Results indicated that almost all effects of pain anxiety on task responses were accounted for by anxiety sensitivity. Taken together, results of all of these studies support the hypothesis that anxiety sensitivity may represent a vulnerability factor in the development and maintenance of pain-related anxiety and avoidance behaviors.
While several studies indicate that anxiety sensitivity may play a role in the development of anxiety disorders, such as panic, few studies support the model of anxiety sensitivity as a vulnerability factor in PTSD [54] . In a study that examined the presence of anxiety sensitivity in 313 individuals with anxiety disorders, Taylor, Koch, and McNally found that patients with PTSD were the second highest on the ASI measure, with patients diagnosed with panic being the highest [55] . Lang, Kennedy, and Stein found that anxiety sensitivity was a significant predictor of PTSD symptoms in women [56] . In another study, anxiety sensitivity was related to severity of PTSD symptoms, and a reduction in anxiety sensitivity after cognitive behavioral therapy (CBT) was related to a reduction in PTSD symptoms [57] . Thus, while preliminary research is supportive, additional research on the interaction of anxiety sensitivity and PTSD would help clarify the role of anxiety sensitivity as a potential vulnerability factor contributing to the development of PTSD.
Fear-Avoidance Model
Norton and Asmundson recently proposed an amended fear-avoidance model of chronic pain that largely emphasizes the contributions of physiological symptoms and arousal [58, 10] . According to the model, physiological symptoms (e.g., increased blood flow, heart rate, or muscle tension) may directly increase pain sensations and reinforce fears and negative beliefs that activities will be painful. When fears and negative beliefs are confirmed, avoidance behavior increases. In addition, physiological arousal may produce bodily sensations such as muscle tension, which could be misinterpreted as being pain-related. The misinterpretations (e.g., catastrophizing) are thought be influenced by an individual's tendency to respond with fear to sensations that are anxietyprovoking (e.g., anxiety sensitivity, negative affect). While insufficient empirical evidence exists to support that physiological arousal can cause pain [59] , Norton and Asmundson suggest that physiological reactivity may have an impact on anxiety, fear, catastrophizing, and performance [58] .
Several similar features can be found between the fear-avoidance model of chronic pain and the models of PTSD previously presented [24, 25] . First, models of chronic pain and PTSD suggest that a personal vulnerability may contribute to the development and maintenance of each disorder. As previously discussed, anxiety sensitivity may represent one such vulnerability because it has been found to be elevated in some chronic pain and panic patients; however, further research is needed to support a proposed relationship between anxiety sensitivity and PTSD.
Avoidance is also significant in models of chronic pain and PTSD. In chronic pain, fear and avoidance generally refer to the avoidance of movements or activities, such as exercise or work, for fear of causing increased pain or injury. Research indicates that avoidance can contribute to decreased feelings of self-efficacy related to pain, negative expectations and beliefs about an individual's ability to cope with pain, and increased disability [60] . Since avoidance occurs prior to pain rather than in response to pain, there are fewer opportunities for false pain-related beliefs and expectancies to be challenged. The avoidance of reinforcing activities and social situations can contribute to affective distress, which can further exacerbate the experience of pain [61] . Similarly, for a person with PTSD, fear of reexperiencing disturbing thoughts of events and avoidance of reminders associated with the trauma are core components of this disorder. This fear and avoidance can help prevent effective processing of the event and may lead to the maintenance of intrusive symptoms and arousal [25] .
Triple Vulnerability Model
Keane and Barlow propose a model of the development of PTSD that may also be applied to the development of chronic pain [20] . According to the triple vulnerability model of anxiety and PTSD [62, 63] , an integrated set of triple vulnerabilities needs to be present for developing an anxiety disorder: a generalized biological vulnerability, a generalized psychological vulnerability based on early experiences of control over salient events, and a more specific psychological vulnerability in which one learns to focus anxiety on specific situations. While the triple vulnerability model applies to the development of anxiety in general, Keane and Barlow propose a model of the development of PTSD specifically [20] . According to their model, a true or false alarm develops during exposure to situations that symbolize or resemble an aspect of a traumatic event. However, the experience of alarm or other intense emotions alone is not sufficient for PTSD development. To develop PTSD, one must develop anxiety or the sense that these events, including one's own emotional reactions to them, are preceding in an unpredictable and uncontrollable manner. Thus, when negative affect and a sense of uncontrollability develop, PTSD may emerge. While this model implies that a psychological and biological vulnerability to develop the disorder exists, anxiety has been found to be always moderated to some extent by variables, such as the presence of adequate coping skills and social support [20] .
Although designed to describe the development of PTSD, this model may also relate to the development of chronic pain. It is possible that for some people to develop a chronic pain condition, they must also develop a belief that the pain is preceding in an unpredictable and uncontrollable manner. Numerous studies indicate that many chronic pain sufferers do, in fact, typically perceive a lack of personal control over their pain [64] . The relationship between perceived controllability and pain has been demonstrated in a variety of chronic pain syndromes, including migraine headache patients [65] , low back pain patients, and rheumatoid arthritis patients [66] , to name a few. When persons perceive their pain to be uncontrollable, feelings of low self-efficacy may develop, along with negative affect. Thus, a fear may develop of entering situations in which pain may occur, leading to avoidance of situations in daily life. This avoidance will further fuel negative affect and feelings of uncontrollability and low self-efficacy. Similar to the PTSD literature, pain has been found to be always moderated to some extent by variables such as the presence of adequate coping skills and social support [67, 68] . Thus, whether the "alarm" is a trauma reminder or pain reminder, the development of a sense of uncontrollability may precede the development of both disorders.
Implications for Assessment and Treatment
Given the high rates of comorbidity of chronic pain and PTSD, clinicians conducting diagnostic assessments of patients with either condition should assess for both disorders. If they have reason to believe that a history of trauma or pain exits, they can use several well-validated self-report questionnaires to help determine a diagnosis and the severity of symptoms. Self-report measures of pain include the 0 to 10 numerical pain rating scale, the McGill Pain Questionnaire [69] , or for a more comprehensive assessment, the West Haven-Yale Multidimensional Pain Inventory [70] . Measures of PTSD include the Posttraumatic Stress Disorder Checklist [71] , or the Clinician Administered PTSD Scale Revised (for a diagnosis of PTSD) [72] . Measures of anxiety sensitivity, cognitive and behavioral avoidance, coping style, beliefs and expectations, and self-efficacy could also be included in the assessment to gain a comprehensive understanding of the factors contributing to and maintaining these conditions.
Only a few studies have reported the results of treatments designed to address co-occurring chronic pain and PTSD. Preliminary research suggests that the use of propranolol for pain may also have the secondary benefit of preventing PTSD; however, further research is needed in this area [73] . Muse described a series of cases of cooccurring chronic pain and PTSD in which patients were treated for pain with the use of a multidisciplinary treatment approach [29] . Their results indicated that pain treatment had a minimal effect on symptoms of PTSD and that patients were subsequently successfully treated with systematic desensitization for the PTSD. Hickling et al. described a series of cases in which 20 patients with post-traumatic headache received CBT and exposure therapy [31] . It was noted that the PTSD group required significantly longer treatment and failed to show positive results with the headache until the PTSD symptoms were addressed. Because few studies have been published currently about treatment of comorbid pain and PTSD, further investigation of effective treatments could help elucidate ways to better help this population, as well as ways to prevent the chronicity of these disorders.
The theoretical models presented on the relationship between chronic pain and PTSD have yet to be fully tested, and further research is needed before clinical treatment protocols are modified to integrate treatments for both disorders. However, data from existing research studies and clinical case studies point toward several techniques that might be useful to incorporate when a person with comorbid pain and PTSD is being treated. The strategies would likely include standard CBT techniques such as cognitive restructuring, coping skills training, and relaxation, all of which are commonly used when pain or PTSD is treated. Programs designed to treat both disorders could include education about the function of cognitive and behavioral avoidance, and patients could be instructed in ways to conduct both situational exposure exercises (e.g., doing activities that were previously avoided) as well as interoceptive exposure exercises (e.g., spinning in chair, running in place, etc.), which are designed to help patients face and cope with uncomfortable physiological sensations. Patients could also be trained in ways to reinforce positive self-efficacy beliefs, correct attentional biases, and help reduce catastrophizing. Overall, it would be important to help patients with both pain and PTSD to understand the ways that these two disorders may maintain each other and to help patients use strategies to minimize both the cognitive and behavioral avoidance that is observed so frequently in both conditions. As patients begin to decrease avoidance and increase their participation in appropriate activities, their high levels of distress and disability may possibly decrease and they will be able to obtain a more positive quality of life.
CONCLUSIONS
The research summarized in this review suggests that chronic pain and PTSD frequently co-occur and that similar mechanisms, such as fear and avoidance, anxiety sensitivity, and catastrophizing, may exist for maintaining both conditions. Although several models have been proposed to explain the relationship between chronic pain and PTSD, continued research in this area is needed so that these models can be fully developed and empirically tested. Given the high prevalence of chronic pain and PTSD among U.S. veterans, it is imperative that researchers continue to refine the models presented and develop more in-depth assessment and treatment techniques that can best fit the needs of this population. As treatment studies are launched and strategies are used and tested with patients with comorbid pain and PTSD, we may then begin to modify our existing treatment protocols. This can only be done through systematic and wellcontrolled research.
